An understanding of the relationship of geographically different soybean gene pools, based on selectively neutral DNA markers would be useful for the selection of divergent parental cultivars for use in breeding. We assessed the relationships of 194 Chinese, 59 Japanese, and 19 Brazilian soybean cultivars (n = 272) using 12 simple sequence repeat (SSR) markers. Quantification Theory III and clustering analyses showed that the Chinese and Japanese cultivars were genetically quite distant to each other but not independent, while Brazilian cultivars were distantly related to the cultivars from the other two countries and formed a cluster that was distant from the other two gene pool clusters. Our results indicated that the Brazilian soybean gene pool is different from the Chinese and Japanese pool. Exchanges of these gene pools might be useful to increase the genetic variability in soybean breeding.
Morphological differences are usually determined by a small number of genes and may not be representative of genetic divergence in the entire genome. Regarding soybeans, an understanding of the relationships between geographically different soybean gene pools, based on selectively neutral DNA markers, would be useful for selection of divergent parental cultivars for use in soybean breeding programs. Additionally, information on soybean diversity revealed by DNA markers may help in understanding the limitations inherent in the genetic base of our breeding materials. In order to overcome restriction of the genetic base of cultivars within the regions, we utilize the genetic resources of these regions efficiently in soybean breeding programs by considering the genetic relationship as well as the agronomic value.
There have been several DNA marker studies on the genetic relationships and diversity between Japanese, Chinese, and North American soybean cultivars (Abe et al., 2003; Ude et al., 2003) . Although these United States, China and Japan are important for soybean production and consumption and as a source of soybean genetic variation, Brazil, is a very large-scale soybean producer (either the largest or second largest) and indispensable to meeting the increasing world soybean demand. Brazilian soybean varieties are derived from a limited number of North American ancestors (Hiromoto and Vello, 1986) and since North American cultivars have a narrow genetic base (Gizlice et al., 1994) , it can be assumed that, compared with the Chinese and Japanese soybean gene pools, the Brazilian soybean gene pool is similar to that of North American cultivars and shares its low diversity. A study using simple sequence repeat (SSR) markers showed that 437 Brazilian commercial varieties released from 1968 to 2001 might be derived from a very limited number of soybean varieties (Catelli et al., unpublished data) but the genetic relationships between Chinese, Japanese and Brazilian soybean cultivars have not been addressed yet. The objective of the research described in the present paper was to assess the relationship of these three soybean gene pools.
We investigated 194 Chinese, 59 Japanese, and 19 Brazilian soybean cultivars (n = 272) belonging to three genetic pools (Table 1) . The Chinese cultivars were randomly Genetics and Molecular Biology, 30, 1, 85-88 (2007) Cregan et al. (1999) and carried out SSR amplification and the gel electrophoresis according to the methods of Hossain et al. (2000) . The sizes of the amplified bands were calculated for every ten base-pairs and the alleles for each SSR marker were then decided according to the band sizes in all the cultivars and then used for analysis. Two types of analyses were used to evaluate the genetic relationships between the three gene pools. The data was analyzed by Hayashi's Quantification Theory III (QT III; Hayashi, 1956) , which quantified the category data (e.g. haplotype data) based on the allelic patterns obtained with the 12 SSR markers to schematically represent the relationships among the cultivars and classify them. This type of analysis corresponds to principal component analysis (PCA) using the values of interval or ratio scales and similar results can be obtained by the Correspondence analysis (CA) or Dual scaling (DS).
QT III analysis was carried out by the Japanese web-based Black-Box statistics service (http://aoki2.si.gunma-u.ac.jp/ BlackBox/BlackBox.html. as of 11/04/2005). In addition, UPGMA cluster analysis was performed with the PHYLIP computer program (Felsenstein, 1989) . For cluster analysis, the genetic distance was calculated using the MSAT2 computer (Minch et al., 1997) and the 1 -P distance measurement (where P is the proportion of shared alleles for the 12 SSR markers) and 1,000 bootstrap re-samplings before subjecting the genetic matrix to UPGMA cluster analysis. All 12 SSR markers produced amplified bands in all 272 cultivars, with the number of alleles ranging from 3 to11 ( Table 2 ). The diversity index (H) of the SSR markers ranged from 0.222 to 0.836, indicating that these markers present large differences in information for characterization of the cultivars studied. As a result, these SSR markers could distinguish 261 cultivars, i.e. more than 95% of the cultivars could be identified.
In both QT III and cluster analyses, the Chinese and Japanese cultivars were not classified as independent but these two groups were quite distant from each other. However, Brazilian cultivars were distantly related to the Chinese and Japanese cultivars and formed a cluster that was distant from the gene pools from Japan and China (Figures  1 and 2 ). Cluster analysis showed seven clusters, with the first cluster containing only Japanese and Chinese cultivars, the second to the sixth cluster Chinese and two Japanese cultivars, and seventh cluster all the Brazilian cultivars (Figure 2 ). In the cluster analysis the distances between cultivars belonging to the three gene pools was 0 to 0.691 for both Chinese and Japanese cultivars but only 0 to 0.520 for Brazilian cultivars. Abe et al. (2003) have shown that the genetic relationship revealed by SSR markers corresponds well to the geographical separation between Japanese and Chinese soybean gene pools and classified these Genetic relationships between soybeans 87 gene pools as independent, which was not the case in our study -possibly because of the different materials used. However, we also showed that the Brazilian varieties were distantly related and classified in a completely different group from the Japanese and Chinese gene pools and, furthermore, the genetic diversity within each gene pool was lower than that observed among different gene pools. A similar phenomenon was reported by Ude et al. (2003) who showed that for Japanese, Chinese, North American soybean cultivars and North American ancestral lines, the genetic distances between different regional gene pools was greater than the variation within gene pools. Thus, geographically different genetic resources of soybean are quite different genetically even though they are not completely different. A DNA marker study by Thompson and Nelson (1998) revealed that introgression of genetic diversity from exotic genetic resources can contribute to increasing the yield of current USA cultivars. Therefore it can also be expected that exchanging soybean genetic resources between Japan, China and Brazil would expand their genetic base and increase variability especially when Brazilian varieties are used for soybean breeding in Japan and China or when Chinese cultivars are used in breeding programs in Brazil. These findings are useful as selection criteria to determine parental cultivars in addition to considering only the agronomic characteristics of the cultivar. Furthermore, the data presented in this paper are useful for the identification of cultivars and for checking the introduction of gene segments into breeding lines when the cultivars described in this paper are used in breeding programs.
